Summary: Free-living populations of wolves (Canis lupusLinnaeus
INTRODUCTION
In the Italian regions where protected and endangered species such as wolves (Canis lupus Linnaeus, 1758) and brown bears (Ursus arctos Linnaeus, 1758) are present, compensation is paid by the authorities for the damage caused to livestock by these animals. To date, there have been no specific studies on livestock predation in Italy. The purpose of the present study is to quantify the phenomenon in the Abruzzo region and to point out some behavioural differences between these two species of wild carnivore.
THE STUDY AREA
The Abruzzo region in central southern Italy has a total area of 10,741 km 2 . It borders on the Adriatic Sea to the east and the Apennine mountains to the west, with peaks reaching over 2,500 m. The region has two distinct climatic areas, and the vegetation varies according to the altitude gradient and the corresponding climatic differences (9, 11) . The region is divided into four provinces: Aquila, Teramo, Pescara and Chieti (Table I ). The numbers of domestic livestock from 1980 to 1988 (16, 17, 18, 19) are shown in Figure 1 . The relative percentages of the three livestock categories were as follows (mean values, 1980-1988) :
-sheep/goats: 77.0% -cattle:
19.3% -equids:
3.7%. (16, 17, 18, 19) Livestock husbandry methods routinely adopted in the Abruzzo region vary considerably. Cattle and equids are generally left on semi-free pasture in the mountainous areas from April to October. Foals are born mainly in April-May, while the calving season is concentrated in May-June. Although permanent supervision of herds is compulsory, this rule is often broken for economic reasons.
Sheep and goats are kept on pasture from June to October and are always guarded by shepherds and dogs. At night, the animals are kept in roped-off enclosures. The lambing season lasts all year long, with peaks in January-February and SeptemberOctober, the latter period being the most important. Lambs are usually slaughtered within three to four months and, therefore, only adults are present in flocks in summer.
The Abruzzo region is the only area in Italy where wolves and bears are present simultaneously. Wolves are mostly observed in the Parco Nazionale d'Abruzzo (Aquila province) and on Mount Maiella (Chieti province). In 1976 (3), 1985 and 1986 (7), the wolf population was estimated as 34-35, 62-77 and 59-79 individuals respectively. The highest densities of brown bear and wolf populations are generally recorded in the same areas. In 1974 (26) , 1980 (13), 1985 and 1988 (6) , the brown bear population was estimated as 72,45-80,51-57 and 44-55 individuals respectively. National legislation has been in force to protect the bear since 1939 (8) and the wolf since 1976 (3, 5) .
Only losses ascribed to the above two species are compensated for (in accordance with Regional Law No. 3/1974) . The Provincial Departments of the State Forestry Corps are responsible for the assessment and payment of damages. There is no compensation for damage ascribed to dogs. According to the 1980-1981 census, the distribution of feral and stray dogs in the four provinces was as follows (4) 
MATERIALS AND METHODS
The data analysed in this paper concern claims for losses attributed to wild carnivores in these four provinces of the Abruzzo region from 1980 to 1988. Each claim referred to only one validated attack.
Data were collected on the number, species and age class (if registered) of the damaged domestic livestock and on the species of predator responsible for the attack. The category "sheep/goats" includes all sheep and goats (male and female, adults and young); "cattle" includes cows, bulls and calves; and "equids" covers mules, donkeys, horses and foals.
The Spearman rank correlation was used to relate the number of attacks on each prey category with the number of head present in each category (25) . The uniformity of the monthly distribution for each prey category was evaluated on the basis of the Rayleigh test (1) . The chi-square (X 2 ) test was used to evaluate the difference between the seasonal distributions of attacks (25) .
Seasons were defined as follows: winter (January to March); spring (April to June); summer (July to September); and autumn (October to December).
RESULTS
Claims for losses caused by wild carnivores from 1980 to 1988 totalled 4,993 in the four provinces studied. Claims ascribed to wolf attacks numbered 4,600 (92.1%), while 389 attacks (7.8%) were ascribed to bears and 4 (0.1%) to wild boar. Attacks were distributed between the four provinces as follows: 
Wolf attacks
The largest number of attacks, 2,068 (45.0%), were against sheep and goats, while 1,769 (38.5%) were against equids, 755 (16.4%) against cattle and 8 (0.2%) against other prey (fowl, rabbits, dogs).
The distribution by province of attacks attributed to wolves was as follows:
In the province of Aquila, where age classes of prey were recorded, lambs were attacked in 0.8% of cases, calves in 96.4% and foals in 91.3%. Most attacks involved a very low number of prey: in 50% of cases, the number of sheep/goats killed was less than 4 and in another 25% of cases the number of victims was between 4 and 7, while at least 75% of attacks against larger mammals involved only one animal (Table II) . A positive and statistically significant correlation can be observed between the number of wolf attacks on sheep and goats and the number of head of these species present in the year considered (n = 9, r s = 0.72, P < 0.05). For the other livestock categories, the correlation was not significant (cattle: n = 9, r s = -0.42; equids: n = 9, r s = 0.63). A noticeable increase in wolf attacks on equids and cattle begins in April, while the period of greatest losses among sheep and goats begins in July (Fig. 3) . 
Monthly frequency of attacks by wolves on livestock in the Abruzzo region (Italy)
The sample distribution parameters and results of the Rayleigh test are shown in Table III . The peak of attacks on sheep and goats occurs in mid-August, the peak for cattle is in mid-July, while attacks on horses occur mainly in late spring.
There is a significant difference between the seasonal distributions of attacks on the three livestock categories. 
Bear attacks
Claims for losses caused by bears concerned sheep and goats in 263 cases (67.6%), cattle in 72 cases (18.5%) and equids in 37 cases (9.5%). In 17 cases (4.4%) the claim concerned damage to bee-hives.
Bear attacks occurred in only three of the provinces studied and were distributed as follows:
-Aquila: 380 (97.7%) -Chieti: 5 (1.3%) -Pescara: 4 (1.0%).
In the province of Aquila, there were no cases of bears attacking lambs. Young animals were involved in 90.3% and 77.7% of attacks on cattle and equids respectively.
As in the case of the wolf, most attacks by bears involved a very low number of prey: in 50% of attacks on sheep and goats, only one or two animals were killed, and in another 25% of cases only three or four animals were involved, while at least 75% of attacks against larger mammals involved only one animal (Table IV) .
There was a significant decrease in losses among all categories of livestock from 1981 to 1985. From 1985 onwards, an increase is registered (Fig. 4) . A negative correlation was found between the annual number of attacks on sheep and goats and number of head present (n = 9, r s = -0.83, P < 0.01); there was no significant correlation for other livestock categories (cattle: n = 9, r s = 0.56; equids: n = 9, r s = -0.38).
Attacks on equids and cattle begin in April-May, while attacks on sheep and goats are markedly higher in the period July-October (Fig. 5) . The peak of attacks on sheep and goats occurs in late August, attacks on cattle peak in mid-August, while most attacks on horses occur in mid-July (Table V) .
Annual frequency of attacks by bears on livestock in the Abruzzo region (Italy), 1980-1988
The seasonal distribution of attacks on equids differs significantly from the distribution of attacks on cattle and sheep/goats. The chi-square test gave the following results: The seasonal distribution of attacks by wolves and bears on each prey category was also compared. Wolves preyed on both sheep and goats (X 2 = 28.87, P < 0.0001) and cattle (X 2 = 19.53, P = 0.0002) significantly earlier than bears, while no statistically significant difference was noticed in predation on equids (X 2 = 6.79, P = 0.0789). 
DISCUSSION
Given that wolf and bear populations in the Abruzzo region are of similar size, the considerable difference in the overall number of attacks on livestock between the two carnivore species can be related to feeding habits. In fact, meat forms only a small percentage of the diet of a bear (12, 26) .
However, the frequent difficulty in distinguishing between a wolf kill and a dog kill may result in an overestimation of attacks by wolves.
Wolf attacks
There was a direct correlation between the number of wolf attacks on sheep and goats and the number of these animals present on pastures. A similar observation was made by Bogges and colleagues (2) . The high percentage of attacks on equids (39.9%), despite the fact that this category constitutes only 3.7% of the farmed livestock in the region, suggests that wolf predation on equids is connected to breeding practices rather than to numerical availability. In fact, no significant correlation could be found between the number of attacks and the number of equids present. Furthermore, a recent study carried out in the Abruzzo region (23) showed that equids are one of the most common prey animals of the wolf. The absence of a similar significant correlation for attacks on cattle could be explained by the fact that cattle exhibit more effective antipredatory behaviour (5) with the result that, despite being more numerous than equids, cattle are preyed on to a lesser extent. Predation on equids begins to be frequent in April, with a peak in May, because of the availability of new-born and young foals on open pasture. In fact, the percentage of young animals among the equids attacked is very high (91.3% ). Moreover, a typical feature of the hunting behaviour of wolves is the selection of younger and weaker prey (22) . Attacks against cattle begin to be frequent in May, during the calving season. Attacks on sheep and goats mainly occur in the summer months when flocks are pasturing. Lambs or kids are rarely preyed upon, as they are sold very young. This study shows that wolves kill large numbers of sheep more rarely than generally supposed: the number of sheep attacked in a single flock exceeded seven animals in less than 25% of cases.
Bear attacks
A comparison between the number of bear attacks on sheep and goats and the size of the populations of these livestock species in a given year shows a significant inverse correlation. Since the number of potential prey increased over the period considered in this study, this result could be explained by a decrease in the bear population. In fact, twenty-two bear carcasses were found between 1981 and 1984 (6) and attacks ascribed to bears in 1985 were markedly low in number. The monthly distribution of bear attacks significantly differs from the distribution for wolves. Since the same number of potential prey is available to both predators, the difference in distribution may reflect the seasonal patterns of food-seeking activity among bears; Zunino (26) describes this activity as peaking in late spring (April-May) and early autumn (September-October).
CONCLUSIONS
From the data presented in this study, it appears that the impact of predators on livestock may be linked to inadequate husbandry methods in those areas where predators are present. A similar observation has also been made by Robel and colleagues (24) . The above data indicate that losses could be reduced by nearly 40% if new-born or young foals and calves were not sent to graze outdoors. Improved surveillance of "at risk" herds (e.g. near large wooded areas and in areas with confirmed, constant predator populations) would further decrease the number of attacks. From this point of view, the problem of distinguishing between attacks by wolves and those by stray or feral dogs is of no relevance. Moreover, field surveys in this region are unable, at present, to confirm the hypothesis that feral dogs are responsible for serious livestock losses (10, 14, 15) . However, further studies are required in order to clarify the ecological and ethological aspects of this problem. without whose help the above research work would not have been possible. The authors also wish to thank Drs F. Ambrosii and I. Capua for translating the text into English, and Drs V. Guberti and M. Patalano for giving their support in the discussion and statistical analysis of the data. PALABRAS CLAVE: Depredación -Ganado -Indemnizaciones -ItaliaLobo -Oso pardo. * * *
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